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REMARKS/ARGUMENTS 

The Advisory Action of April 7, 2009, has been received and carefully reviewed. The 
Examiner states that the previous Reply, dated March 31, 2009, was not entered because the 
Applicant was arguing limitations not claimed and discussing new evidence that was not 
considered. Without acquiescing to the Examiner's objection, Applicant now submits this 
Reply along with a Request for Continued Examination, and the required fees. Entry of the 
Reply is requested. 

Status of the Claims 

Claims 1, 3, 4 and 7 have been amended. Claims 2 and 5-6 are canceled. Claims 1, 3, 
4, and 7 are pending. Claims 8-47 are withdrawn. 

Applicant has amended claims 1 , 3, 4 and 7 to more clearly define that which 
Applicant considers to be the invention. Specifically, Applicant has included language to 
further distinguish Applicant's claimed invention, from the VG4 antibody of Arystarkhova et 
aL cited previously. Applicant's claim now states that the claimed antibody was made to the 
synthetic purified amino acid sequence of SEQ ID NO: 1 . Support for this amendment can 
be found throughout the specification, including, but not limited to, page 38, lines 1-10. 

Furthermore, Applicant has also amended claim 1 to indicate that the binding of the 
claimed antibody also increases (Na + +K + )-ATPase activity and cardiac contractility. Support 
for these amendments can be found in the specification at pages 39-40, 41-43, and Kai Xu, 
"Dual Activity of the H1-H2 domain of the (Na + +K>ATPase", Biochem. Biophys. Res. 
Comm. 377 (2008) 469-473 (Attached as Appendix A). In addition. Applicant has also 
amended claim 1 to include the feature that the antibody be administered in an amount 
sufficient to provide the claimed effect. Support for this amendment can be found in 
Example 1, pages 42-43 of Applicant's specification. 

Applicant amended claim 3 to delete the phrase "prevention of heart disease", and 
amended claim 3 and 7 to include the phrase "or heart muscle contractile disorders". Support 
for these amendments can be found, inter alia, in Applicant's specification at page 3, lines 
20-27 and page 4, lines 26-29. In addition, Applicant amended claim 4 to clarify that the 
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composition of claim 1 could be a component of a vaccine. Support for this amendment can 
be found in Applicant's specification at pages 34-37. No new matter has been added by these 
amendments. 

Discussion of the New Matter Rejection 

The Examiner rejected claims 1, 3, 4 and 7 under 35 U.S.C. §1 12, first paragraph, as 
failing to comply with the written description requirement. According to the Examiner, the 
specification does not appear to provide blazemarks nor direction for the term "cardiac 
isoforms" included in the claims. Applicant respectfully traverses this rejection. 

To begin, the Applicant amended claim 1 by deleting the term "cardiac" as 
superfluous in view of the context of the claim. The term "isoform" is understood by those of 
ordinary skill to mean that the specific amino acid sequence that is bound by the claimed 
antibody can vary by one or more amino acids, depending on alternative gene splicing, single 
nucleotide polymorphisms, etc. The antibody of the present invention is specifically directed 
to isoforms of the amino acid sequence of SEQ ID NO: 1, which is found in the H1-H2 
domain of the a subunit of the (Na + +K + )-ATPase in heart tissue (page 21 of the 
specification). Therefore, the term "and isoforms thereof is meant to define the scope of the 
isoforms claimed, as those known isoforms of the amino acid sequence of the H1-H2 domain 
associated with the a subunit of the (Na + +K + )-ATPase enzyme found in the myocytes of heart 
tissue of various vertebrate species, at the time the application was filed. For example, on 
page 13698 of Arystarkhova et al., isoforms of the a subunit of the (Na + +K + )-ATPase from 
different species and different organs are shown. Moreover, it is known that rat has two 
isoforms in the heart (see, P.A. Lucchesi, et al., "Postnatal changes in (Na + +K + )-ATPase 
isoform expression in rat cardiac ventricle: Conservation of biphasic ouabain affinity", J, 
BioLChem. 266 (1991) 9327-9331; A.A. McDonough, et al., "Subcellular distribution of 
sodium pump isoform subunits in mammalian cardiac myocytes", Am. J. Physiol 270 (1996) 
C1221-1227), and there are three known isoforms of the a subunit of the (Na + +K + )-ATPase 
in the human heart (see also, A.A. McDonough, et al., "The cardiac sodium pump: structure 
and function", Basic Res. Cardiol 97 (Suppl. 1) (2002) 119-24; J. Wang, et aL, "All human 
Na(+)-K(+> ATPase alpha-subunit isoforms have a similar affinity for cardiac glycosides", 
Am. X Physiol Cell Physiol 281 (2001) C1336-1343. 
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Applicant submits with this Reply, a recently published paper in which Applicant's 
own experimental results show that both the monoclonal and polyclonal antibodies of the 
present invention specifically bind, and exert positive (Na + +K + )-ATPase activation, in mice, 
dog and rat isoforms of the enzyme (see, for example, Applicant's specification, Examples, 
pages 37-42, and Kai Xu, at page 471, and FIGS 2 and 4 (Appendix A). Thus it is clear to 
one of ordinary skill in the art, that scope of the antibodies claimed by Applicant are defined 
as those antibodies that are made against the peptide of SEQ ID NO: 1 , and those variants 
which are derived from the isoforms of the H1-H2 domain of the a subunit of the (Na + +K + )- 
ATPase found in the cardiac myocytes of vertebrates, and more specifically, found in the 
cardiac myocytes of mammals, such as humans, dogs, mice, rats, pigs, etc. As such, the 
claim term "and isoforms thereof is sufficiently described and supported by the 
specification, as well as the data published subsequently in Appendix A, and in the prior art. 
As such, Applicant respectfully requests withdrawal of the rejection. 

Discussion of the Written Description Rejections 

The Examiner rejected claims 1, 3, 4 and 7 under 35 U.S.C. § 1 12, second paragraph, 
as being indefinite for failing to particularly point out and distinctly claim the subject matter 
which applicant regards as the invention. According to the Examiner, the phrase "and cardiac 
isoforms thereof in claim 1, lacks sufficient antecedent basis in that it is unclear if this refers 
to "cardiac isoforms of the sequence RSATEEEPPNDD" or "cardiac isoforms of the a- 
subunit of (Na + +K + )-ATPase enzyme. Applicant respectfully traverses this rejection. 

In response to the rejection, Applicant submits that the antibodies claimed by 
Applicant are defined as those that are generated to the peptide of SEQ ID NO: 1, and those 
variants derived from the isoforms of the H1-H2 domain of the a subunit of the (Na + +K + )- 
ATPase found in the cardiac myocytes of vertebrates, and more specifically, found in the 
cardiac myocytes of mammals, such as humans, dogs, mice, rats, pigs, etc. The discussion in 
Applicant's specification regarding the number of possible amino acid variations is provided 
so that one or ordinary skill would understand that there could be more than one substitution 
of an amino acid for another in SEQ ID NO: 1, yet the antibody can still bind and exert its 
therapeutic effect. The isoform of a protein represents any different amino acid sequence of 
the same protein or peptide formed due to single nucleotide polymorphisms or alternative 
gene splicing. As stated above, at least three isoforms of the (Na + +K + )-ATPase, including 
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ocl, a2, and a3, have been found in human heart (See Kai Xu, Appendix A, page 469). 
These isoforms of the (Na + +K + )-ATPase share the same enzymatic function, even though 
there are specific differences in the primary structure of the enzyme. Thus, one of ordinary 
skill in the art would understand that Applicant's claim would cover those variants as long as 
they met the limitations of specific binding and exerting its claimed effect on heart tissue. 
Applicant respectfully requests withdrawal of this rejection. 

The Examiner also rejected claims 1, 3 and 4 under 35 U.S.C. 112, first paragraph, 
because the Examiner alleges that the specification, while being enabling for the recited 
composition for treatment of heart failure, did not provide enablement for the term 
"prevention of heart failure". Applicant submits that one of ordinary skill in the art would 
understand that prevention of further heart failure would be expected upon treatment of a 
patient with the claimed invention. However, in the interest of furthering prosecution of the 
instant application, and in no way conceding to the Examiner's view, Applicant has amended 
the claim 3 to delete the term "prevention". Applicant requests withdrawal of this rejection 
as moot. 

Discussion of the Novelty Rejection 

The Examiner again rejected claims 1, 3, 4, and 7 under 35 U.S.C. § 102(b) as 
anticipated by Arystarkhova et aL, as evidenced by Bost et aL (Immunol. Invest. 1988; 
17:577-586), Bendayan et aL (J. Histochem. Cytochem. 1995; 43:881-886) and the instant 
specification at page 3, 3rd paragraph and page 43-44, The rejection is essentially identical 
to that made in the previous Office Action of record. The Examiner contends that 
Applicant's claims do not recite any particular structure for the claimed antibody, thus, the 
claimed antibody is defined by its binding specificity and its ability to increases myocyte 
intracellular diastolic and systolic calcium upon binding to the amino acid sequence. 
Applicant respectfully traverses this rejection. 

Applicant has now amended claim 1 to recite that the claimed antibody is made 
against the synthetic peptide of SEQ ID NO: 1, which further distinguishes Applicant's 
claimed Jianye-2 antibody from the VG4 antibody of Arystarkhova et al., because VG4 was 
made by immunization of rabbits with the entire (Na + +K + )-ATPase enzyme obtained from 
pig kidney. One of ordinary skill in the immunology arts would understand that antibodies 
made using these two different methods, the purified peptide of 12 amino acids, versus an 
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entire protein of hundreds of amino acids, could not be identical in structure or function. 
While there may be cross reactivity to some extent depending on epitopes available in the 
whole protein, they could not be identical. 

The Examiner contends that the VG4 antibody of Arystarkhova et al. binds an epitope 
composed primarily of contiguous amino acids QAATEEEPQNDNL of pig al (Na + +K + )- 
ATPase, and because Arystarkhova teaches an antibody that binds to the pig al (Na + +K + )- 
ATPase H1-H2 loop and "inhibits enzyme activity up to 50%", the properties of the antibody 
of Arystarkhova et al. are consistent with the antibody increasing "positive inotropic activity 
in cardiac tissue". Therefore, according to the Examiner, if the antibodies of Arystarkhova et 
al. have the same binding affinity and same function, then they anticipate Applicant's 
claimed composition. However, as Applicant will show, this is not the case. 

Applicant's claimed Jianye-2 antibodies surprisingly, and unexpectedly, have 
opposite enzymatic effects than the effects of the VG4 antibody taught in Arystarkhova et al., 
and therefore cannot anticipate or render obvious, Applicant's claimed invention, as 
explained below, 

First, Arystarkhova et al. teach that the VG4 antibody inhibits (Na + +K + )-ATPase 
enzyme activity (ATP hydrolysis, (Fig 9)). The enzyme is inhibited up to 50% when 
compared to control IgG (Arystarkhova, page 13699). In contrast, Applicant's purified 
monoclonal and polyclonal antibodies made to SEQ ID NO: 1 according to the specification, 
specifically bind that portion of the H1-H2 domain of the a subunit of the (Na + +K + )-ATPase 
and increase the activity of (Na"+K + )-ATPase. Applicant invites the Examiner to review the 
published data by the Applicant in Appendix A, which uses the method detailed in 
Applicant's specification at pages 41-42. Specifically at page 471 of Appendix A, the results 
demonstrate that in rat and dog isoforms of (Na + +K + )-ATPase, the binding of the antibodies 
of Applicant's claimed invention to the a subunit of the (Na + +K + )-ATPase resulted in up to a 
180% increase in enzyme activity over control (Fig. 2, Appendix A). 

Second, Arystarkhova teaches that VG4 antibodies enhance ouabain mediated 
inhibition of ATP hydrolysis (page 13699, Fig. 10). In contrast, Applicant's Jianye-2 
antibodies inhibit or block oubain's effect on (Na + -+-K + )-ATPase in rat and dog isoforms (Fig. 
3, Appendix A). 
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Third, as the Examiner stated in the Office Action, it was thought that inhibition of 
the (Na + +K + )-ATPase was what caused positive inotropic effects in heart muscle. However, 
Applicant has now shown that this is surprisingly not the case. Applicant's claimed 
antibodies actually increase (Na + +K + )-ATPase activity and show a positive inotropic effect in 
rats. See, for example, Applicant's specification at Example 1, figures 2-6 and Appendix A, 
page 472 and Fig. 4. These findings are contrary to what anyone of ordinary skill in the art 
would have predicted for an antibody binding to the H1-H2 region of the a subunit of the 
(Na + +K + )-ATPase, as claimed by Applicant, 

Applicant summarizes the differences between VG4 and Applicant's claimed 
antibody in Table I below. 
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Applicant submits that the prior art, taken as a whole, in the proper context, and in 
view of the latest scientific results, does not provide a reasonable scientific basis for the 
Examiner continue to assert that the VG4 antibody has the same structure and function as 
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Applicant's claimed invention. Applicant has demonstrated that the Applicant's claimed 
invention cannot be anticipated by the VG4 antibodies of Arystarkhova, because even though, 
the antibodies of both Arystarkhova and Applicant may have cross reactivity, the antibodies 
were made using different methods, and they have completely different functional attributes. 
Therefore, Applicant's claimed invention cannot be assumed to be Inherently taught In the 
prior art antibodies of Arystarkhova. As such, Applicant respectfully requests withdrawal of 
the rejection. 

Applicants respectfully submit that the patent application Is in condition for 
allowance. If, In the opinion of the Examiner, a telephone conference would expedite the 
prosecution of the subject application, the Examiner is Invited to call the undersigned 
attorney. 



Respectfully submitted, 



Jos€ph 0. Contrera, Reg. No. 44,628 

L&VOIG, VOIT & MAYER 

700 Thirteenth Street, NAY,, Suite 300 

Washington, DC 20005-3960 

(202) 737-6770 (telephone) 

(202) 737-6776 (facsimile) 




Date: May 6, 2009 
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Dual activity of the H1-H2 domain of the (Na**lC)-ATPase 

Kai Y.Xu* 

Department of Surgery, Division of Cardiac Surgery. University of Maryland School of Medicine, MSTF-434E. 70 South Pine Street. Baltimore, AfZ? 21201 USA 
ARTICLE INFO ABSTRACT 

Artie!? liistory. {Na*+K>ATPase is a target receptor of digitalis { cardiac glycoside) drugs> It has beef* demonstrated that the 

Receded 25 September 200S H1-H2 domain of the ry-subunit of the (Na>K>ATPase is one of the digitalis drug interaction sites of the 

Avajume onim* m prober 200S enzyme. Despite the extensive studies of the inhibitory effect of digitalis cm the )~ATPase. the func- 

tional property of the H1-H2 domain of the enzyme and its roie in regulating enzyme activity is not com- 

— , pletely understood. Here we report a surprise finding: instead of inhibiting the enzyme, binding of a specific 

(N^ir^ATPase monoclonal antibody SSA7S to the H1-H2 domain of the (Na^iCKATPase elevates the catalytic activity of 

Monoclonal anubedy the enz y me * Jn Efie presence oi'low concentration of ouabain, monoclonal antibody SSA78 significantly pro- 

Digitalis binding sire tects enzyme function against Guabain-induced inhibition. However, higher concentration of ouabain com- 

Activation pletely inactivates the ( Na'+iO-ATPase even in the presence of 5SA78, These results suggest that the Hi -H2 

fohibmon domain of the (Ma'N-K H >ATPase is capable of regulating enzyme function in two distinct ways for both oua • 

bain-sensitive and --resistant forms of the enzyme; it increases the activity of the {Na' +K>ATPase during its 
interaction with an activator; it also participates in the mechanism of digitalis or ouabain-induced inhibition 
of the enzyme. Understanding the dual activity of the HI -H2 domain will help better understand the struc- 
ture-function relationships of the (Na'+JO-ATFase and the biological processes mediated by the enzyme, 

© 20Q8 Elsevier fnc All sights reserved. 



Sodium- and potassium-dependent triphosphatase [(Na^+K*)- 
ATPase or NKA] [I{ is a key membrane protein that couples the 
hydrolysis of ATP to the opposite vectorial transport of Ma* and IC 
ions across the plasma membrane, as needed for the -primary source 
of energy for the active transport of various nutrients, electrical 
excitability, celiuiar ion homeostasis, uptake of neurotransmitters, 
and regulation of cell volume that axe vital to the ceU living processes 
12-5 f, NKA consists of oc- and |3-subunits [6,7], The catalytic -/-sub- 
unit contains the sites for binding of Na + , K\ and ATP [6-9 |. The |3- 
subunit appears to be essentially required for biosynthesis, matura- 
tion, and migration of the subunit to the plasma membrane { 10,1 1 J. 
The crystal structure of NKA suggests that the ct-subunit traverses 
the membrane ten times and both the N- and C- terminals are located 
on the cytoplasm side f 12]. The p-stibunit contains only one hydro- 
phobic region, and only the N-terminaJ is located on the cytoplasm 
side |12j. Several isoforms of «- and p-subunits have been identified 
[13-16}. There are two a isoforms (eel and :/2) of NKA in rodent heart 
['17,18] and three ot isoforms (kI, oc2, and oi3) in human heart } 13.20J. 

One of the striking properties of NKA is Its ability to regulate 
cardiac contractility [21,22], NKA has been a target receptor for 
digitalis and related cardiac glycosides drugs for the treatment 
of heart failure for more than 200 years {23). The digitalis drug- 
induced positive inotropic effect is dependent on the inhibition of 
NKA catalytic activity and impairment of active transport of Na*f 



* Fax: M 410 706 0311. 
E mail address; kxu002#umarylcLnd,£du 

0006-291 X/S - see front matter © 2008 Elsevier inc. All rights reserved. 
doi : 10.105 6/j.bbrc.2008.0& £37 



K* ions in heart ceils [24 j. Studies have demonstrated that the 
extraceHular H1-H2 domain of tbe.oe-subunit of NKA participates 
in the ouabain binding to the enzyme and that the border positsons 
of the HI -H2 domain are essential to the ouabain sensitivity of the 
enzyme [25 ,2 8 I However, our previous studies have shown that 
the H1-H2 domain of the of-s ubunte of NKA is a critical determinant 
of the biological activity of the enzyme, which couples to enhanced 
myocyte calcium transient and inotropic action but without inhi- 
bition of NKA 1 27]- This discrepancy draws our attention to the 
native activity of the H 1 ~H2 domain. To date, it remains obscure 
whether any molecular interactions at the H1-H2 domain would 
cause inhibition of NKA function. The nature of the H1-H2 domain 
in regulating NKA function and in the mechanism of the digitalis- 
induced inhibition has not been completely demonstrated. 

The strategy to explore the native activity of the H1-H2 domain 
of NKA is to use specific monoclonal antibody SSA78 (mAbSSATS) 
and to monitor the changes of NKA activity during the antibody- 
protein interaction at the H1-H2 domain site with or without 
ouabain. The experimental results reported here reveal a hidden 
activity of the H1-H2 domain of the a* -summit of NKA th?(Z may 
shed new light to aid understanding of the molecular mechanism 
underlying NKA-mediated biological processes. 

Materials and methods 

Materiais. Ouabain (>99%) was p urchased from Muka BioChemika 
(Buchs, Switzerland). Other reagents were from Sigma Chemical. 
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Purified mAb SSA78 and polyclonal antibody SSA78 (pSSA7S) 
were generated against the H1-H2. domain ( 1ia RSATE£EPPNDD l2S ) 
of the al-subunit of rat NfCA (Cytomol, CA, USA). Synthetic pep- 
tide RSATEEEPPNDD- {Biosynthesis, TX, USA) was used as a pep- 
tide blocker (P87S) in the study. Frozen dog heart muscle was a 
gift of jack Ky£eY laboratory. Sprague Dawtey rats and spontane- 
ous hypertension heart failure (SHHF) rats were purchased from 
Charles River Laboratories (Wilmington, MA, USA). The Animal 
Care and Use Committees of the University of Maryland School of 
Medicine approved the animal protocols. 

Purification of cardiac NKA. NKA was purified from rat and 
dog heart muscle separately using an independent protocol as 
described previously [28], (A) Preparation of sarcolemrnaS ves- 
icles: Briefly, animal hearts were rinsed in an ice-cold buffer 
solution containing lOmM histidine (free base) and 0.75 M 
NaCL The left ventricles were cut into 5 mm pieces and homoge- 
nized for 10 s at 15,000 rpmt. The homogenates were centrifuged 
at 10,000 rpm for 20 min. The supernatant was discarded, and 
the pellets were resuspended in lOrnM NaHCO :? and 5 mM his- 
tidine. The peHets were resuspended, homogenized, and cen- 
trifuged for two more times as described above to remove the 
sarcoplasmic reticulum (SR) for the ultimate isolation of .sarco- 
Jenvmai vesicas (SL). The pellets obtained from the third centri- 
fugation described above were resuspended in 10 mM NaHC0 3 
and 5mM histidine and homogenized three times for 30 s at 
15,000 rprn. The pellets were then sed indented at 10,000 rpm for 
20 rcitn, and the supernatant containing the isolated SL vesicles 
was centrifuged again for 30 min at 20,000 rpm and the super- 
natant was discarded. The peitets resulting from this centrifu- 
gation were resuspended in 1,0 M sucrose, 0,3 M NaCI, 50 mM 
tetrasodium pyrophosphate, and 0.1 M Tris (pH 7.1), and loaded 
on the bottom of the centrifuge tubes. A soiucion (containing 
0.6 M sucrose, 0.3 M NaCl, 50 m M tetrasodium pyrophosphate, 
and 0.1 .M Tris, pH 7.1) was next layered on the top of the mem- 
brane suspension in each tube. The solution (containing 0.25 M 
sucrose and 10 mM histidine) was then layered on top of the 
0,6 M sucrose in each tube. Samples were centrifuged for 60 min 
at 80,000 rpm, After the run, the SL vesicles were observed 



as distinct snow-white protein bands at the interfaces of the 
0.25 M/0.6M 'sucrose layers. The SL vesicles were sedimented 
at 40,000 rpm for 40 mi n. The final SL vesicle suspension was 
collected for further purification. (B) Preparation of SBS- 
treated cardiac NKA: Rat SL vesicles (4,4 mg/nil) were titrated 
with 0,58 mg/ro) of SDS in the presence of 2 mM ATP at 20 X 
for 30 min and then loaded on the top of a sucrose (W/W) step 
gradient (15%, 28.8%, and 373%) in a Ti 60 tube and centrifuged 
at 40,000 rpm for 90 min. The fractions containing NKA were 
collected and stored at -70 °C The specific enzyrnic activity of 
NKA in these preparations was 600, 1000, and 450 u moling"" 1 
h * for rat, dog, and SHHF rat NKA, respectively. 

Measurement of NKA activity. NKA activity was determin ed on 
the basis of jack Kyte's method with modifications as previously 
described J 29] under various experjjinentaSconditions. The enzy- 
matic activity is defined as the ouabain-sensitrve hydrolysis of 
IVIgATP in the presence of Na + and K*. NKA activity is defined as 
oua bain-sen sits ve enzyme activity in different experiments. Puri- 
fied ouabain-resistant rat NKA and ouabain-sensitive dog NKA 
were incubated with or without different concentrations of mAb 
SSA7S at 4°C for 60 min. The reaction was initiated by adding 
MgATP (3mMj in a final volume of 0.2 ml at 37 °C for 30 min and 
terminated by adding 0.75 ml quench solution (0.-5% ammonium 
rnofybdate + 0.5 M H 2 S0 4 ) and 0.02 mi developer (25 mg/mi of the 
mixture of 0.2 g 1 -amino-2-naphthoi~4-suJfonic acid + 1.2 g sodium 
bisulfate + T2g sodium sulfite). Color was developed for 30niin at 
room temperature and the concentration of phosphate was then 
determined at 700 nm using a spectrophotometer.. In the puri- 
fied enzyme system, incubation of NKA and spedhc antibody for 
80 mm prior to initiate ATPase assay is an optimal condition to 
obtain a significant activation of the enzyme. 

Immunofluorescent stainiitg, Rat myocytes were frozen and cut 
on a cryostat. Sections (8 urn) of each tissue were blocked with 
1% bovine serum albumin (BSA) and incubated with mAb SSA7S 
(1:1000) for 60 min in the presence or absence of 5mM ouabain 
or PB78. Washed slides were evaluated after incubation with a 
HTC conjugated goat anti-rabbit antibody (1:75) as described 
previously [28]. 





Fig, 1. immunofiuorescent: staining of mAb SSA7S on rat myocytes, isolated rat cardiac myocytes were frozen and cut on a cryostat. Sections (S jim) of each tissue were 
blocked with 1% BSA and incubated with mAb SSA7S ( 1 : 1000} for 60 min at room temperature with or without 5mM ouabain or PB78 All confocal images were at a magni- 
fication of 400 x. (A) a group of ceils with mAb SSA73, (B) with ouabain in condition A ; (C) with PB7S in condition A, and (Dj secondary antibody control. The results show 
that PB7S eliminates and ouabain compels with mAb SSA78 binding to the H1-H2 domain of NKA. Each of the data represents one of three simiiar staining*, 
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Results 

The H1-H2 domain is the specific antigenic site of mAh SSA78 

We nvsr examined the specificity of mAh SSA78 by immuRO- 
flUmrescent staining since it is an important tool for the study. 
The results show that mAh SSA78 specifically labeled the H1-H2 
domain of NKA on the ceil membrane surface (fig. IA\ In con- 
trast no labeling occurred in the absence of rnAb SSA78 (Fig. ID). 
Ouabain competed with the binding of 'mAb 5SA7S and strongly 
reduced the Immunol uorescera staining (Fig. IB). Peptide blocker 
PB78 had exactly the same composition as of the H1-H2 domain 
that can saturate the functional sites of mAb SSA73 and completely 
eliminated the capability of mAb SSA78 to bind to its specific 
antigenic site on NKA (Fig: 1C), 

Binding of mAb 5SA78 to the H1-B2 domain increased NKA activity 

Having established the specificity of mAb 3SA78 that bends to 
the H1-H2 domain and competes with ouabain binding to NKA, 
we next investigated whether interaction of mAb SSA78 at the 
HI-H2 domain would cause inhibition of NKA activity like ouabain 
does. Experimental results reveal that NKA activity is a function 
of the concentration of mAb 3SA7S (Hg, 2). Binding of mAb SSA78 
to either ouabain-resistant rat NKA or ouabain- sensi s ive dog NKA 
increased the catalytic activity of the enzyme (Fig 2). The activity 
of onabin -resistant raf NKA was 137+16, MS + 21, 154 ±19, 1£2±14, 
167+16, 174+13, and 182 ±10% in the presence of 0.1, 0.2, 03, 0.5, 



0.7, L0 r and 2.0mM mAb SSA7S compared with the control (in the 
absence of mAb SSA78) as shown in Fig. 2 A, Under the same exper- 
imental condition for the concentration of mAb SSA78, the aciiv- 
ity of ouabain-sensrtive dog NKA, was 133 + 4.0, 142 ± 11, 149 ±6.0, 
157+5.0, 165±9.0, 174+12, and 176±17% (fig. 2B). The half effec- 
tive concentrations (EC 50 ) for rat NKA and dog NKA were 0.141 and 
£3/154 pM, respectively (Fig, 2), 

Protective effect of mAb SSA78 on NKA activity in ouabain-induced 
inhibition 

We next tested the changes of NKA activity when both ouabain 
and mAb SSA78 interacted at the H1-H2 domain of the enzyme, in 
the presence of 10- 3 , 10" s , 10" 7 , 10~ 6 , 10 - 5 r 1CT 4 , and 10" 3 M oua- 
bain without mAb SSA7S, rat NKA activity was reduced to 95 + 10, 
96 + 8,0, 89 + 7.0, 83 + 14, 74+9.0, 46+10, and 11 ±3.0% (Fig. 3A) 
compared with the control without ouabain, and 100+6.0, 84x27, 
60+22. 25 ±11, 10 + 6,0, 3+2,0, and 13+10% for dog NKA (Fig 3B). 
Significant changes of rat and dog NKA activities were detected in 
the presence of 1 uM mAb SSA7S with the same ouabain concen- 
tration as indicated above: ouabain-resistant rat NKA activity was 
164+14, 155 + 17, 150±23. 140±22, 124+2A 68+3.0, and 12 + 1.0% 
(rig, 3 A) compared with the control (without ouabain and mAb 
55A7H), and 162 + 22, 146+ IS, 126 + 35, 75±33, 53 + 2.0, 0±G, and 
0±0% for ouabain-sensitive dog NKA (Fig. 38). mAb S5A73 par- 
tially protected rat and dog NKA activity, but not in the case of high 
concentration of ouabain (Fig, 3 A and R). 
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Fig, 2. Effect of mAb SSA7S on the catalytic activity of NKA. Purified rat NKA (75 ng/ 
ml] and dog NKA( 13 ug/mj) were incubated with different concentrations of mAb 
SSA7S (as indicated in the figure) for SOrnin at 4 °C in the presence of 100 mlW Na* 
and 20 mM iC prior to AFPase assay. NKA activity significantly increased in the 
presence of mAb SSA78. Each data point represents the mean of four independent 
experiments. 
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Fig. 3. Effect or' mAb SSA7S cn the ouaba in -induced inhibition of NKA. Purified rat MJCA 
(7.5[.!g/m3) and dog NKA (13#g/mi) were incubated with (h'.ack circles) or without 
(open circles) } mAb SSA78 in the presence of dirrerent concentrations of ouabain 
as indicated in the figure for 60min at 4X prior to the enzyme aaivity assay; At low 
concentration of ouabain, SSA78 markediy elevates and protects NKA activity against 
ouabain- induced inhibirion ; higher concentration of ouabain compiefely inhibits NKA 
activity. Each data point represents the mean of six independent experiments. 
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F|g. 4. Time course of the effect of mAb SSA78 and pSSA78 on SHHF NKA isolated 
from heart failure rat. Cardiac SHHF NKA (7S fig/ml) was incubated with or without 
mAb S5A73 ? or pSSA7S, or total rabbit IgG (1 MM each) in different time cotirse as 
ijTdicated ir s the figure. Open circles, control biack circles, with mAb S5A78; open 
triangle, with pSSA78; black triangle, with rabbit IgG, SHHF NKA activity was signif- 
icantly increased in the presence of mAb SSA78 or pSSATS after 60 misi incubation. 
No changes of enzyme function were detected in the absence of both mAb S5A7S 
and pSSA7R, or total rabbit IgG. Each data point represents the mean oi three inde- 
pendent experiments. 



Both mAb SSA78 andpSSAYS increase enzyme activity by interaction 
at the H1-H2 domain of NKA isolated from SHHF rat 

We further tested the effect of mAb SSA7S and pSSA78 [27 1 on 
purified cardiac NKA that was isolated from heart failure rat model 
by interacting on the H1-H2 domain of the enzyme By compar- 
ing with the control sample (without antibody}, fig. 4 shows that 
by comparing with the control sample (without antibody), puri- 
fied SHHF NKA activity was increased to 108 ±7.0, 125+23, and 
137 ±22% in the presence of 1 uM-rnAb 5SA78 (Fsg.4, black circles), 
and 106±4D, 121 ±12, and 205 ±16% with 1 uM pSSA78 (Pig, 4> 
open triangles) during 10, 30, and 60min interaction time course 
at the H1-H2 domain of the enzyme. No significant changes were 
observed in the control sample (Fig, 4. open circles) and the sam- 
ples in the presence of rabbit IgG (black triangles). No inhibition of 
SHHF NKA was detected in the presence of niAb SSA7S or p5SA78 

Discusshm 

A hidden activity resides within theH1-H2 domain of NKA 

To gain a detailed understanding of the functional activity of 
the H1-H2 domain of NKA, we prepared a simple system consist- 
ing of a highly purified NKA in a medium containing only small 
ions, buffer molecules, and specific antibody that made against the 
H1-H2 domain of the enzyme. Under the experimental conditions 
described in the methods, we discovered that specific antibody- 
protein interaction at the H1--H2 domain -of the -x-subunit of NKA 
accelerates the catalytic activity of the enzyme (Figs, 2 and 4). This 
is the first time that this hidden property of the H1-H2 domain of 
NKA has been reported. 

Dual activity of the H1-H2 domain 

It has been well demonstrated that the Gin- 111 and Asn-122 of 
the H1-H2 domain Interact with ouabain and directly regulate the 
affinity of ouabain binding to NKA [25,26]. Our data dearly show 
that mAb SSA78 (1 uM) significantly protects both ouabain-resistant 
and -sensitive NKA activity against ouabain-indueed inhibition (Fig. 
3A and B), indicating that the H1-H2 domain of NKA participates in 



both activation and inhibition processes mediated by the enzyme. 
NKA activity was markedly elevated by the interaction of mAb 5SA78 
at the H1-H2 domain of the enzyme ( Figs. 2 and 4), suggesting that 
the H1-H2 domain is capable of regulating NKA function by enhanc- 
ing the catalytic activity of the enzyme when it interacts with an 
activator, such as mAb SSA78 or pS5A73 (Fig. 4). The fact that ouabain 
competes with specific mAb SSA7S binding to NKA (Fig, 3} provides 
further evidence to support the notion that ouabain binds to the 
H1-H2 domain and is involved in the mechanism of the ouabain- 
induced inhibition of the enzyme [30]. 

It is evident that inhibitor ouabain and activator mAb SSA78 (or 
pSSA78) affect NKA biological function in a dramatically opposite 
direction through the interaction at the H1-H2 domain (Figs, 2-4), 
However/ neither inhibitor nor activator would change the basic 
nature of NKA function or create new functions for the enzyme. 
This fundamental limitation of both inhibitor and activator of NKA 
suggests that the primary structure of the HT-H2 domain of the 
enzyme is responsible for its dual activity by dictating different 
drug actions to influence NKA activity, presumably by controlling 
Itgand-induced conformational changes in the enzyme. 

Extensive investigations have demonstrated that in addition 
to the H1-H2 domain, the H3-H4 and H5-H6 hairpins of NKA also 
bind ouabain with high am nicy and that NKA inhibition is digitaHs- 
mediated paralysis of H5-H6 domain (3 1,32 j. Our experimental 
results reveal that NKA activity was completely destroyed at high 
concentrations of ouabain (I mM for ouabain-resistant rat NKA 
and 10 uM for oua bain-sensitive dog NKA) in the presence of mAb. 
SSA78 as shown in Fig, 3. The fact that mAb SSA78 failed to enhance 
or maintain NKA activity in the presence of high concentration of 
ouabain suggests that other amino acids residing within the H3-H4 
and H5-H6 hairpins may play significant: roles in the inhibition of 
NKA. High concentration of ouabain may cstuse radical shifts in the 
balance of forces between side chains of NKA, leading to different 
conformation of the enzyme to favor ouabain inhibition. Several 
laboratories have also reported that low concentration of ouabain 
stimulates NKA activity under different experimental conditions 
[331 This may be explained by the possibility that low concentra- 
tion of ouabain might randomly contact the H1-H2 domain first 
before interacting with other domains of NKA during its binding 
process, and thus elevated enzyme activity may be observed since 
the HI -H2 domain has a latent ability to influence NKA activity. 
This weak activation of NKA by low concentration of ouabain may 
soon disappear after ouabain completely binds to the drug bind- 
ing pocket including the binding sites located in the H3-FI4 and 
H5-H6 hairpins of the enzyme. Under our experimental conditions 
reported in Fig. 3, no significant ouabain stimulation was detected 
when NKA was incubated with ouabain at 4"C for 60min prior 
to the enzyme activity assay, presumably due to a longer incuba- 
tion time allowing ouabain to interact with ail its binding sites on 
NKA. 

Natural property of NKA 

In our previous work, we have identified an activation site of 
NKA that resides in the H7-H8 domain of the of-subunit of the 
enzyme and is not a digitalis interaction site [28]. Activator S5A412 
can markedly enhance NKA activity by binding to this activation 
site of the enzyme [2S j. This similar phenomenon of accelerated 
catalytic activity of NKA is detected Sigain when different activa- 
tor mAb SSA7S or pSSA78 interact with the HI -H2 domain of the 
enzyme (Figs, 2 -4), These findings strongly implicate that the abil- 
ity to speed up the rate of catalytic function of NKA may be a natu- 
ral property of the enzyme that can be initiated by the interaction 
at the selective sites, including the HI -H2 domain of the enzyme. 
Fig, 4 shows that binding of mAb SSA78 or pSSA7S to the H1-H2 
domain of SHHF rat NKA significantly increased enzyme activity, 
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demonstrating that this latent functional activity not only resides 
in healthy animal models (Fig. 2A and B), but is also retained within 
the H1-H2 domain of NKA in heart failure animal model (Fig. 4). 

In summary, our experimental results provide direct evidence 
to demonstrate that the H1-H2 domain of the oc-subunit of NKA 
is capable of regulating enzyme function in two distinct ways for 
both ouabain-sensitive and -resistant forms of NKA: it increases 
NKA activity during its interaction with an activator; it also par- 
ticipates in the mechanism of digitalis or ouabain-induced NKA 
inhibition. Understanding the dual activity of the H1-H2 domain 
of the enzyme not only helps to deeper understand the biological 
processes mediated by NKA, but also may lead to the development 
of new drugs and therapeutic strategies to improve the treatment 
of heart disease. 
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